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Orthognathic surgery during breast cancer treatment-A case report 
Introduction
In recent years, interest in oral health and aesthetics has increased, and more patients are undergoing orthognathic surgery in middle age or later. Treatment of skeletal Class III malocclusion in adults requires a combination of orthodontic and surgical procedures to achieve normal occlusion and improve facial aesthetics [1] . Normal jawbone healing becomes an important factor for the stability of the postoperative occlusion.
Breast cancer is the most frequently diagnosed cancer in women worldwide [2] . The incidence rate begins to increase after 20 years of age in both the Japanese and US populations, continuing to increase similarly until 45-49 years [3] . Improvements in surgery, chemotherapy, lymph node evaluation and hormone receptor blocking therapy have increased the survival of breast can-cer patients [4] . Different molecular subtypes of breast cancer have various prognoses and responses to therapy [5] .
Here we present a case in which breast cancer was unexpectedly found just before orthognathic surgery, and bimaxillary osteotomy was performed during the course of breast cancer treatment.
Presentation of case
A 45-year-old female sought orthognathic treatment at Okayama University hospital. Her main complaint was occlusal imperfection and mandibular protrusion. She had a mandibular protrusion, a concave facial profile and facial asymmetry (Fig. 1) . Intraoral examination revealed a Class III malocclusion with an excessive negative overbite (-1 mm) and overjet (-4 mm). Representative initial cephalometric values were as follows (Table 1) Mean, average values of Japanese women; SD, standard deviation; S, sella; N, nasion; A, A-point; B, B-point; SN, sella-nasion plane; Mp-FH, angle between mandibular plane and Frankfort (FH) plane; Gonial angle, angle between ramus plane and mandibular plane; U1-SN, upper incisor axis to SN; L1-Mp, angle between axial inclination of mandibular central incisor and mandibular plane; IIA, angle between upper incisor axis and lower incisor axis; Occ P, angle between SN and occlusal plane; N-Me, distance between nasion and menton; N/NF, perpendicular distance of nasion to nasal floor; Me/NF, perpendicular distance of menton to nasal floor; Go-Me, distance between gonion and menton; Ar-Go, distance between articulare and gonion; Ar-Me, distance between articulare and menton; U6/NF, perpendicular distance from the maxillary first molar to the nasal floor; U1/NF, perpendicular distance from the maxillary central incisor to the nasal floor; L6-MP, perpendicular distance from the mandibular first molar to the nasal floor; L1-MP, perpendicular distance of the mandibular incisor to the nasal floor.
After pre-surgical orthodontic treatment, orthognathic surgery was planned in 2012, but in April of that year the patient first underwent a medical examination at Okayama University hospital under suspicion of cancer in the left breast. She was diagnosed with breast cancer (stage 1), and left breast-conserving surgery and sentinel lymph node biopsy were performed in May 2012 (Estrogen receptor >50%, progesterone receptor >50%, HER2 negative, surgical margin positive, sentinel lymph node metastasis positive). Postoperative chemotherapy (docetaxel 75 mg/m 2 + cycloheximide 600 mg/m 2 × 4) was performed from June to August, then radiotherapy (total 60 Gy) was performed from September to November. As the breast cancer surgeon provided confirmation of a good prognosis and the patient still wanted to undergo orthognathic surgery, we went ahead and scheduled the bimaxillary osteotomy. In November, a maxillary segmental Le Fort I osteotomy (mx1 impaction, 2 mm; mx6 expansion, 5 mm; mx6 advancement, right 6 mm, left 4 mm; mx1 segmental area, bone augmentation) and mandibular bilateral intraoral vertical ramus osteotomy (IVRO, right M6, 6 mm and left M6, 4 mm, setback) was performed. Fig. 2 shows a panoramic X-ray view after the segmental Le Fort I osteotomy and IVRO. During the jawbone-healing period, administration of tamoxifen began 6 weeks after the orthognathic surgery. Occlusal stabilization was obtained followed by the completion of the postsurgical orthodontic treatment 10 months after the surgery. Fig. 3 shows the extraoral and intraoral views at debonding 10 months after orthognathic surgery. The cephalometric evaluation showed a skeletal Class I jaw relationship (Table 1) . In order to examine the stability of the position of the anterior-posterior position of the bimaxillary after the osteotomy, we compared the lateral cephalograms at 3 months and 10 months (debonding) by super- imposition. From the post-operative bimaxillary stability shown in Fig. 4 , it appeared that regeneration of the normal jawbone had occurred. It was also confirmed that the bone joining was performed normally even at the maxillary posterior part and the overlapping part of bone of the mandible IVRO (Fig. 5, arrows) .
Four years after surgery, the stability of the occlusion has been maintained and there has been no recurrence of breast cancer.
Discussion
The treatment protocol produced satisfactory occlusal and aesthetic results. Maxillary advancement provided good support for the upper lip, and the maxillary segmental expansion also pro- vided a satisfactory width relationship with the mandible. Bilateral IVRO also improved the functional mandibular deviation and the anterior-posterior relationship.
The normal healing processes of bone osteotomy are important factors for the stability of postoperative occlusion. Following Le Fort I osteotomies, the maxillary bone heals by intramembranous fracture healing using rigidly stable fixation. On the other hand, in mandible IVRO, non-stable healing conditions cause endochondral bone formation. This involves an acute inflammatory response including the production and release of several important molecules, and the recruitment of mesenchymal stem cells in order to generate a primary cartilaginous callus, with final remodeling that fully restores the normal bone structure [6] .
Estrogen receptor ␣ plays essential roles in the accumulation and maintenance of bone mass via cell-autonomous actions in both osteoblast progenitors and osteoclasts [7] . Estrogen deficiency results in loss of maxillary bone [8, 9] , and estrogen receptor ␣ is required to maintain the microarchitecture of the maxillary alveolar bone [10] . Estrogen is also reported to be an important regulator of cartilage homeostasis, growth and maturation [11] , and controls the growth and closure of the epiphyseal plate [12] . Estrogen could be involved in future advancements of fracture treatment [13] and seems to be an important factor in all stages of fracture healing [14] . These findings suggest that estrogen affects the Le Fort I osteotomy and IVRO healing process.
Tamoxifen treatment is associated with a decreased rate of growth [13] , and causes a narrowing of the growth plate [14] . Tamoxifen acutely inhibits longitudinal bone growth in young male rats, an effect associated with an uptick in chondrocyte apoptosis and narrowing of the tibial growth plate [15, 16] . Exposure to tamoxifen results in persistent reduction of cortical bone size as a result of the endosteal growth of the cortical bone [16] . These data suggest that tamoxifen might potentially reduce the incidence of premature fusion in endochondral ossification and reduce the cortical bone size in the jaw-healing processes after IVRO and Le Fort I osteotomy.
In women who have been through menopause, tamoxifen can help preserve bone strength, whereas in younger woman who have not reached menopause, tamoxifen causes a small amount of bone loss [17] . The effects of tamoxifen are one of clinical importance when we consider orthognathic surgery in breast cancer patients. In this case, there was no clinically reported delay of bone healing, but we consulted with her doctor and started tamoxifen 6 weeks after the orthognathic surgery. Mandible bone healing after IVRO could be associated with normal bone development, including not only cartilage and bone formation, but also endochondral resorption and bone remodeling. According to a previous in vitro study, chondrocytes are remodeled and bone remodeling is started 6 weeks after fracture [18, 19] . The effect of the estrogen inhibitor tamoxifen should be further explored in clinical studies.
In response to the increased prevalence of orthognathic surgery in middle-age and older patients, it is expected that opportunities to encounter malignant tumor patients including patients with breast cancer will increase. In cases in which prognosis is sufficiently good to proceed, it is important to closely cooperate with the cancer surgeon and listen to the patient throughout the treatment process.
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